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(54) Fluorescent lamp . 

(57) A compact fluorescent lamp is provided in a 
coiled or helical configuration in'order to maximize the 
length of discharge tubing for a given height. A non-uni- 
form coating of phosphor is provided on the interior sur- 
face of the discharge envelope to inhibit light otherwise 
directed inwardly into the lamp toward a longitudinal axis 
of the helical configuration and redirect the light out- 
wardly through an outer circumferential portion having 
a thinner phosphor coating. This results in increased 
light output for an given lamp geometry and lamp power. 
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■■ Descripti n 

This invention pertains to the art of discharge lamps 
and more particularly to low pressure discharge lamps 
It is particularly applicable to a compact fluorescent s 
lamp having, a coiled configuration, preferably in the 
shape of a double helix, and will be described with ref- 
erence thereto. However, it will be appreciated that the 
invention has broader applications and may be advan- 
tageously employed in related environments and appli- 10 
. cations.. : 

In recent years, there has been a tremendous surge 
in the use of compact fluorescent lamps in place of con- 
. ventional incandescent lamps. Consumers and com- 
mercial establishments are converting to compact fluo- '^5 
rescent lamps because of the longer life and improved 
energy efficiency of the compact fluorescent lamp over 
that of the conventional incandescent lamp. One exam- 
ple of a compact fluorescent lamp is shown and de- 
scribed in U.S. Patent No. 4,503,360 issued to D. E. Be- 20 
del on March 5, 1985. 

Commercially available compact fluorescent lamps 
use a plurality of parallel tube portions that extend out- 
wardly from a base for a predetermined length. The 
tubes are interconnected at bridge portions and an arc 25 

weaves between the electrodes, up and down the tubes, 
; and around the carousel of bent tubes. 

Still another manufacturer provides a coiled double 
helix configuration for the discharge envelope. The he I- ^ 
ical configuration provides a more compact arrange- 30 

, nnentfor any given length and diameter of narrow tubing. 
For example, known coiled configurations are shown 
and described in German Application No. DE 4133077, 
filed October 2, 1991 and assigned to Narva Bertiner " 
Gluhlampenwerk GmbH, and in published PCT Applica- 35 
tion WO 9429895, assigned to Lee O Y. 

In order to compare favorably to incandescent 

, lamps, higher lumen output levels must be achieved in 
compact fluorescent lamps. For instance, it is desirable 
to provide a compact fluorescent lamp that achieves 40 

- substantially the same lumen output as a one hundred 
(100) watt incandescent lamp. A compact fluorescent 
lamp of sufficiently high power to give the lumen output 
of a 100 watt or higher incandescent lamp, while oper- 
ating at currents low enough to be very efficient, requires 45 
a relatively long arc length of greater than approximately 
sixty (60) centimeters (cm). The overall effect of using 
a coiled configuration for the lamp envelope is to 

achieve greater efficiency as compared to a compact / 
fluorescent lamp that uses a U-shaped envelope. . so 

One of the detrimental effects of trying to incorpo- 
rate an extended envelope length in a compact structure 
is that some of the light generated from the discharge 
tube is directed inwardly into the lamp. Some of this ra- 
diated light is lost as it strikes and passes through other 55 , 
tube segments. Typically, around forty percent (40%) of 
the light generated by a compact fluorescent lamp radi- 
ates inward and about ten to seventeen percent (10% - 



17%) of that light is lost due to absorption in the glass, 
phosphor coating, or lamp housing. Therefore, lamp ge- 
ometries and coating distributions which decrease the 
amount of light that enters the interior portion of the lamp 
can potentially produce more useful lumens for the 
same lamp power, i.e., higher system efficacy. 

Generally, there is a broad range of coating weight 
densities which provide near maximum light output for 
the lamp. There is a trade-off , however, between provid- 
ing too thick of a coating of phosphor versus decreasing 
the thickness. At decreased coating weights, the light 
output of the lamp increases with increasing coating 
thickness as more UV radiation is absorbed! For a den- 
sity ranging between three (3 mg/cm^) and six milli- 
grams per centimeter squared (6 mg/cm^), or more pre- 
cisely between about 3 and 7 particle layers thick, there 
is only a small further increase in the amount of ultravi- 
olet (UV) radiation absorbed. This is offset, though, by 
an increase in the amount of visible light generated in- 
side of the lamp which is then lost as it tries to pass 
through the coating. Hence, over this range the light out- 
put of a typical linear lamp Is more or less constant. At 
coating weights higher than this preferred range, light 
output decreases with increasing coating thickness 
since substantially all of the UV radiation is absorbed by 
the coating and more light is lost due to visible absorp- 
tion as the light tries to exit the envelope. - 

For most conventional fluorescent lamps, a uniform 
distribution of coating thickness provides optimum light 
output; In some cases, however, a non-uniform coating 
thickness can improve light output. Commercially avail- 
able helically configured compact fluorescent lamps, 
however, have not heretofore incorporated those fea- 
tures into their designs. 

According to the invention, there is provided a fluo- 
rescent lamp having the features recited in claim 1\ 

Preferably, the invention relates to a low pressure , 
discharge lamp in which the envelope that contains a 
gas fill is coiled into a helical configuration.. 

According to another aspect of the invention, the 
phosphor coating disposed along an inner circunrifer- 
ence of the helical configuration of the discharge enve- 
lope has a greater thickness than the phosphor coating 
along an outer circurrifereince. 

According to a preferred method of forming a low 
pressure discharge. lamp, a substantially uniform coat- 
ing of phosphor is applied to the interior surface of the 
tubular envelope. Thereafter, the envelope is coiled 
about a longitudinal axis into a helical configuration 
thereby providing an uneven distribution. The phosphor 
coating along the inner circumference of the envelope 
is compressed and more dense while the coating along 
an outer circumference is stretched and less dense than V 
the thickness of the onginal uniform coating. 
Iri the accompanying drawings:- 

FIGURE1 is an elevational view of a preferred com- 
pact fluorescent light having a double helical con- 
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figuration formed in accordance with the subject in- 
vention; - • ' 

FIGURE 2 is a top plan view taken generally along 

the lines 2-2 of FIGURE 1; 

FIGURE 3 is an elevational view of a portion of the 

envelope having a phosphor coating prior to coiling; 

and 

FIGURE 4 is an elevational view of the envelope 
portion of FIG. 3 after the coiling operation. . 

. Referring now to the drawings wherein the show- 
ings are for the purposes of illustrating the preferred em- 
bodiment of the invention only and not for purposes of 
limiting same, the FIGURES show a low pressure dis- 
charge lamp assembly A, particularly, a compact fluo- 
rescent lamp assembly having an envelope B and a 
base or housing C. . ^ ' 

More particularly, and turning initially to. FIGURES 
.1 and 2, a compact fluorescent lamp assembly having 
an integral ballast or drive circuit assembly provided in 
the housing is shown. The envelope B is preferably an 
elongated tube 10 having first and second ends 12, 14 
that are received in the housing. The envelope is sealed 
from the external environment and contains a fill gas, 
typically mercury and a noble gas such as argon, which 
is selectively energized to a discharge state. Ballast as- 
sembly 20 received in the housing provides regulated 
power through a pair of lamp leads (not shown) to elec- 
trodes that are disposed within and adjacent the first and 
second ends of the tube. An arc develops through the 
internal cavity of the envelope and electrons emitted by 
the electrodes provide kinetic energy to the atoms of the 
fill gas which, when relaxed to a lower energy state, dis- 
sipate radiation. General details of the structure and op- 
eration of a compact fluorescent lamp are well known in 
the art so that more particular details.are omitted for pur-, 
poses of brevity. 

According to the present invention, the thickness of 
a phosphor coating provided on an interior wall of the 
discharge envelope is controlled so that light, that would 
otherwise be directed inwardly and some tost toward a 
central or longitudinal axis 22 of the helical configura- 
tion, is directed outwardly to an outer circumference of 
the assembly As shown in an exaggerated form in FIG- 
URE 2. an inner circumferential region of the envelope 
is denoted by numeral 24. Those inner circumferential 
portions of the envelope in the double helix configuration, 
face invyardly toward the longitudinal axis 22. 

Also delineated in FIGURE 2 by dashed lines is an 
outer circumferential region 26. It will be recognized that 
the outer circumferential region-is (generally defined by 
that surface of the envelope that faces outwardly from 
the longitudinal axis 22. 

Described in another way, and as best illustrated in 
FIGURES 3 and 4, the discharge envelope or tube 10 
is originally formed as an elongated cylindrical or tubular 
structure, a portion of which is. represented in FIGURE 
3. A coating of phosphor 28 is uniformly applied to the 



interior surface of the envelope. This uniform coating 
can be obtained by applying rare-earth phosphor pow- 
ders in a suspension form or as a dry powder using ap- 
. propriate dispersants and adhesion additives. Details of 

5 these conventional methods and process for applying 
the phosphor coating are well known in the art and need 
not be described herein for a full and complete under- 
standing of the present invention. 

As shown in FIGURE 4, the coiling operation results 

10 in one portion of the tube being placed under tensile 
forces (the outer circumferential portion 26) and a dia- 
metrically opposite portion being placed under com- 
pressive forces (the inner circumferential portion 24). , 
The coating which was previously uniformly distributed 

^5 along the interior surface, also undergoes these com- 
pressive and tensile forces. This results in a portion 34 
(denoted by dashed lines) of the coating defined on what 
eventually becomes the inner circumferential region 24 
being placed under compressive forces. The portion 34 

20 of the phosphor ccating has an increased density distri- 
bution or thicker coating of phosphor relative to the orig- 
inal thickness of the uniformly applied coating. Likewise, 
the tensile forces imposed on the outer circumferential 
region 26 result in a stretched or thinner portion 36 of 

25. phosphor coating. 

Rather than coating the discharge envelope with 
phosphor. after the coiling operation, the coiling opera- 
tion can be used to automatically and advantageously 
' distribute the originally uniform phosphor coating into a 

30 non-uniform relationship to serve the various purposes 
. desired for increased lamp efficacy. The increased 
, phosphor distribution on the inner circumferential por- 
tion prevents some of the light from radiating on the in- 
' side of the tubing radially inward toward the longitudinal 

35 ■ axis and reflects it radially outward. Likewise, more light 
from the inner surface can ultimately escape through the 
thinner coating on the outer circumferential portion with 
less visible light being absorbed. 

Coiling a glass. tube having a diameter of approxi- 

40 mately twelve millimeters (12mm) into a helical config- 
uration with an . outer diameter of approximately sixty 
■four millimeters {64mm) causes the length of the dis- 
\ charge tubing to be compressed to approximately eighty 

' , five percent (85%) of its original length along the inner 

45 circumferential region On the other hand, the outer cir- 
cumferential region of the tubing is stretched to approx- 
imately one-hundred thirty percent (130%) of its initial 
value. For example, the tubing that is originally coated 
with an average coating density of 3.2 milligrams per 

50 centimeter squared (3.2mg/cm2) results in a density dis- 
tribution of phosphor of approximately 2.5 milligrams per 
centimeter squared (2.5mg/cm2) on the outer circumfer- 
ential region and 3.8 milligrams per centimeter squared 
(3.8mg/cm2) on the inner circumferential region. This 

55 provides a one to two percent (1% - 2%) improvement 
in total light output of the lamp when compared to a lamp 
. having a uniform distribution of phosphor. 
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Claims 



3. 



4. 



5. 



6. 



7. 



8. 



9. 



A low pressure discharge larnp comprising: 
■, . an envelope coritaining a gas fill that is ener- 
gizable to a discharge state, the envelope having a s 
coiled configuration wound about a longitudinal axis 
and a phosphor coating. along an Interior surface of 
the envelope for converting radiation from the dis- 
charge state of the gas fill into visible light, the phos- 
phor coating being unevenly distributed along the io 

interior surface of the envelope to maximize the light 
output from the lamp., 

The low pressure discharge lamp as defined in 
claim 1 wherein the phosphor coating on a first por- is 
tion of the interior surface of the envelope disposed 
along an inner circumference of the coiled configu- 
ration adjacent the. longitudinal axis has a greater 
thickness than the phosphor coating on a second 
portion of the envelope disposed along an outer cir- 
cumference of the coiled configuration. 

The low pressure discharge tamp as defined in 
claim 2 wherein the phosphor coating on the first 
portion has a density distribution on the order of 3 " 2S 
mg/cm2 to 7 mg/cm^: 

The low pressure discharge lamp as defined in ■ ; 
claim 3 wherein the phosphor coating on the second 
portion has a density distribution on the order.of 1.8 30 
rng/crn^ to 3.2 mg/cm2. ■ 

The low pressure discharge lamp as. defined in 
claim 2 wherein the phosphor coating on the second 
portion has a derisity distribution on the order of 1 .8 55 
mg/cm2 to 3.2 mg/cm2. ■ 



The low pressure discharge lamp as defined in 
claim 2 wherein the phosphor coating on the second 
portion is approximately 2.0 to 3.5 layers thick. 

A method of forming ai low pressure discharge lamp 
having an unequal distribution of phosphor coating 
on an interior surface of an envelope,. the method 
comprising the steps of: ; 



: into a helical configuration subsequent to the 
applying step so that the phosphor coating is 
. . unevenly distributed since the phosphor coat- 
ing is compressed and more dense along a first 
portion of the envelope interior surface dis- 
posed along an inner circumference of the hel- 
ical configuration adjacent the longitudinal axis 
and the phosphor coating is stretched and less 
dense along a second poilion of the envelope 
interior surface disposed along; an outer cir- 
. . cumference of the helical configuration. 

10. The method as defined in claim 9 wherein the coil- 
ing step forms a helical configuration having an out- 
er diarheter of approximately 64 mm. , 



The low pressure discharge lamp as defined : in 
claim 2 wherein the phosphor coating on the first 
portipn is approximately 4 to 5 layers thick. . 40 

The low pressure discharge lamp as defined in 
claim 6 wherein the phosphor coating on the second 
portion is approximately^ 2.0 to 3.5 layers thick. 



45 



SO 



applying a substantially uniform coating of / 55 
phosphor on the interior surface of the enve- 
lope; . . ' " 

coiling the envelope about a longitudinal axis 
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(54) Fluorescent lamp 

(57) A compact fluorescent lamp is provided in a 
coiled or helical configuration in order to maximize the 
length of discharge tubing for a given height. A non-uni- 
form coating of phosphor is provided on the interior sur- 
face of the discharge envelope to inhibit light otherwise, 
directed inwardly into the lamp toward a longitudinal axis 
of the helical configuration and redirect the light out- 
wardly through an outer circumferential portion having 
a thinner phosphor coating. This results in increased 
light output for ari given lamp geometry and lamp power, 
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